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 ,QWURGXFWLRQ
7KH 7HOH)27 SURMHFW LQYHVWLJDWHV WKH LPSDFWV RI IXQFWLRQV EURXJKW WR WKH GULYHU DQG WUDYHOOHU E\
QRPDGLFDQGDIWHUPDUNHWGHYLFHVDQGWKHPHWKRGRORJ\FKRVHQLV)LHOG2SHUDWLRQDO7HVWV)27V$)27
LV FKDUDFWHULVHG E\ D ODUJH QXPEHU RI XVHUV XVLQJ WKH V\VWHPV DQG VHUYLFHV LQ WKHLU GDLO\ OLIH LQ UHDO
FRQGLWLRQV IRU D ORQJ SHULRG RI WLPH 7KH )(67$ +DQGERRN ZDV XVHG DV WKH ILUVW DSSURDFK IRU WKH
LPSOHPHQWDWLRQH[HFXWLRQDQGHYDOXDWLRQRIWKH)27V
7KH XVH RI 1RPDGLF 'HYLFHV IRU WUDIILF WUDQVSRUW DQG WUDYHO UHODWHG DSSOLFDWLRQV KDYH EHFRPH
LQFUHDVLQJO\ FRPPRQSODFH LQ WKH ODVW IHZ \HDUV /LQNV WR PRELOH QHWZRUNV QRPDGLF GHYLFHV DUH QRZ
DYDLODEOH ZLWK %OXHWRRWK :L)L QHWZRUNLQJ DVVLVWHG *36 VSHHFK UHFRJQLWLRQ DQG KLJKHQG RSHUDWLQJ
V\VWHPV7KH\KDYHDOVRWKHFDSDELOLW\WRSURYLGHG\QDPLFJHRUHIHUHQFHGDSSOLFDWLRQVWRDVVLVWWKHGULYHU
WKHSDVVHQJHUDQGWKHWUDYHOOHU
1RPDGLFGHYLFHVQHHGWREHHYDOXDWHGIURPWKHSHUVSHFWLYHVRIXVHUEHKDYLRXUDQGDFFHSWDQFHVDIHW\
SDUWLFXODUO\ LQ UHJDUG WR+0,LVVXHV WUDYHODQG WUDIILF LPSDFWVDQGHQYLURQPHQWDO LPSOLFDWLRQV ,WDOVR
QHHGV WR EH UHFRJQLVHG WKDW VXFK GHYLFHV FDQ KDYH EURDG PRELOLW\ LPSOLFDWLRQV ERWK LQ WHUPV RI WKH
VWUDWHJLFOHYHORIGULYLQJURXWHFKRLFHDQGLQWHUPVRIWULSJHQHUDWLRQDQGPRGHFKRLFH0LFKRQ
5XPDU $Q\ HYDOXDWLRQ RI XVDJH QHHGV WR FRQVLGHU WKH SRWHQWLDO IRU ERWK LQYHKLFOH DQG RXWRI
YHKLFOHXVDJHRIWKHVHGHYLFHV
7KHJHQHUDOHDVHRIXVHRIDGHYLFHZLOOKDYHDPDMRULQIOXHQFHRQDFFHSWDQFHDQGZLOOLQJQHVVWRSD\
+HUHHDVHRIXVHUHIHUVQRWMXVWWRWKHXVDELOLW\ZKLOHGULYLQJEXWWRWKHXVHUH[SHULHQFHLQDOODVSHFWVRI
XVDJHLHSUHWULSLQWULSDQGSRVWWULS3RVWWULSIXQFWLRQDOLW\LVYHU\UHOHYDQWWRXVDJHLQWKHIOHHWPDUNHW
DQGWRVXSSRUWIRUDQGIHHGEDFNRQHFRGULYLQJ
'XHWRWKHDERYHPHQWLRQHGIDVWLQQRYDWLRQF\FOH)27VVWXG\LQJQRPDGLFGHYLFHVPD\UHTXLUHVWDWH
RIWKHDUWSODQQLQJLQRUGHUWRNHHSXSZLWKWKHLQWURGXFWLRQRIQHZIHDWXUHVDQGIXQFWLRQV7KH\ZLOODOVR
QHHG WR FRQVLGHU WKH VXUURXQGLQJ LQIUDVWUXFWXUH VLQFH UDWKHU OLNH PDQ\ FRRSHUDWLYH V\VWHPV PDQ\
IXQFWLRQVUHO\RQLQIRUPDWLRQDQGVXSSRUWIURPWKHRXWVLGH:HDWKHUIRUHFDVWVWUDIILFLQIRUPDWLRQXSGDWHV
RQ URDG FRQGLWLRQV G\QDPLF VSHHG OLPLW LQIRUPDWLRQ DQG VSHHG DGYLFH DUH DOO GHSHQGHQW RQ VHUYLFH
SURYLGHUV
 $ZLGHUDSSURDFKQHHGHGIRUWKH7HOH)27)27V
7KH IXQFWLRQV WHVWHG LQ 7HOH)27 ZHUH 7UDIILF LQIRUPDWLRQ 6SHHG /LPLW ,QIRUPDWLRQ 6SHHG $OHUW
1DYLJDWLRQ6XSSRUWVWDWLF1DYLJDWLRQ6XSSRUWG\QDPLF*UHHQ'ULYLQJ6XSSRUWDQGH&DOO)UDQ]pQHW
DO$VWKHFKDUDFWHULVWLFVRIWKHVHIXQFWLRQVLPSO\DQGDVLQGLFDWHGDERYHWKH\PXVWEHVWXGLHGLQD
ZLGHUWUDQVSRUWDWLRQFRQWH[WDQGFRYHUDSDUWIURPWUDIILFDOVRWUDQVSRUWDQGWUDYHOWKHLQGLYLGXDOPXVWEH
VWXGLHGLQGLIIHUHQWUROHVDVGULYHUSDVVHQJHUDQGWUDYHOOHUDQGWKHWULSWLPHOLQHPXVWEHFRQVLGHUHGWULS
SODQQLQJDQGXVHGXULQJDQGDIWHUWKHWULS
7KH VRFDOOHG ³)(67$9´ GLVFORVHV LQ D FRQGHQVHG ZD\ WKH ILUVW DSSURDFK WR D )27PHWKRGRORJ\
)(67$,QILJXUHWKHILUVWSURSRVDOIURPWKH7HOH)27SURMHFWLVLQWURGXFHG7KH³)(67$9´LV
H[SDQGHGWRVWDUWZLWKWKH³&217(;7´YLVXDOLVHGDVDKRUL]RQWDOEDUDFURVVWKHRSHQLQJRIWKH³9´,Q
RUGHU WRFDSWXUH WKHZLGHUDSSURDFKQHHGHG IRU WKH VWXG\RI LPSDFWVRI IXQFWLRQVSURYLGHGE\QRPDGLF
GHYLFHV TXHVWLRQV OLNH ³:KDW DUH WKH 3UREOHPV" :KDW DUH WKH 3ROLF\ REMHFWLYHV" :KDW ,PSDFWV DUH
GHVLUHG"´ KDV WR EH SRVHG DW WKH EHJLQQLQJ RI WKH )27 DFWLYLWLHV 7KLVZLOOPDNH LW SRVVLEOH WR DQVZHU
TXHVWLRQVOLNH³$UHWKH3UREOHPVVROYHG"$UHWKH3ROLF\REMHFWLYHVPHW"$UHWKH LPSDFWVYDOXDEOH"´DW
WKHHQGRIWKH)27
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)LJXUH7KH)(67$9UHYLVHG±$ZLGHUVFRSHDSSOLHG)271H7

7KHPDLQUHDVRQZDVWKDWWKHFKRLFHRIDIXQFWLRQWREHWHVWHGLPSOLHVWKDWWKHUHLVHLWKHUDSUREOHPWKDW
ZLOOEHDGGUHVVHGDQGWKDWWKHFKRVHQIXQFWLRQLVGHILQHGWRVROYHWKHSUREOHPRUWKDWDSROLF\REMHFWLYHLV
VWDWHGDQGWKDWWKHIXQFWLRQWHVWHGFDQEHXVHGWRUHDFKWKHREMHFWLYH$Q)27FDQDOZD\VEHUHODWHGWRD
ZLGHUYLHZRQWKHH[HUFLVHWKDQLVGHILQHGE\MXVWDGHVFULSWLRQRIWKHIXQFWLRQWREHWHVWHG
7KLV LV HVSHFLDOO\ LPSRUWDQW DV WKH IXQFWLRQV SURYLGHG E\ QRPDGLF GHYLFHV DV ZHOO DV WKH QRPDGLF
GHYLFHVWKHPVHOYHVPLJKWEHXVHGDOVRRXWVLGHWKHYHKLFOH7KLVLPSOLHVWKDWWKHIXQFWLRQVWREHWHVWHGIRU
WKHLU LPSDFWV DUH WR EH GHILQHG DV EDVHG RQ WKH SODWIRUP ³QRPDGLF GHYLFH´ DQG QRW RQ WKH SODWIRUP
³YHKLFOH´DVZDVDPRUHRUOHVVDKLGGHQDVVXPSWLRQPDGHLQWKHILUVWYHUVLRQRIWKH)(67$+DQGERRN
)(67$

$FRPELQHGWRSGRZQDQGERWWRPXSDSSURDFKIRUK\SRWKHVHVJHQHUDWLRQ

2QHRI WKHHDUO\ VWDJHV LQSUHSDULQJDQ)27LV WR IRUPXODWH UHVHDUFKTXHVWLRQVDQGK\SRWKHVHV7KLV
VKRXOGSUHFHGH WKHGHILQLWLRQRI WKHVWXG\GHVLJQDQGRI WKHSHUIRUPDQFH LQGLFDWRUV7KHGHILQLWLRQRID
UHVHDUFK TXHVWLRQV LV ³D JHQHUDO TXHVWLRQ WR EH DQVZHUHG E\ FRPSLOLQJ DQG WHVWLQJ UHODWHG VSHFLILF
K\SRWKHVHV´$QH[DPSOHZRXOGEH³'RHVKDYLQJD)RUZDUG&ROOLVLRQ:DUQLQJV\VWHPLPSURYHVDIHW\LQ
GULYLQJ"´
$K\SRWKHVLVLVGHILQHGDV
³D VSHFLILF VWDWHPHQW OLQNLQJ D FDXVH WR DQ HIIHFW DQG EDVHG RQ DPHFKDQLVP OLQNLQJ WKH WZR ,W LV
DSSOLHG WR RQH RU PRUH IXQFWLRQV DQG FDQ EH WHVWHG ZLWK VWDWLVWLFDO PHDQV E\ DQDO\VLQJ VSHFLILF
SHUIRUPDQFH LQGLFDWRUV LQ VSHFLILF VFHQDULRV $ K\SRWKHVLV LV H[SHFWHG WR SUHGLFW WKH GLUHFWLRQ RI WKH
H[SHFWHGFKDQJH´
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7ZR FRPSOHPHQWDU\ DSSURDFKHV ZHUH UHFRPPHQGHG LQ WKH ILUVW YHUVLRQ RI WKH )(67$ +DQGERRN
)(67$
x $WRSGRZQDSSURDFKWKDWFRQVLGHUVVL[EURDGDUHDVRIV\VWHPLQIOXHQFH'UDVNyF]\HWDO
x $ERWWRPXSDSSURDFKDSSO\LQJXVHFDVHVDQGVLWXDWLRQVWRGHYHORSVFHQDULRV

,PSDFWDUHDWRSGRZQDSSURDFK
)URP WKH7HOH)27SURMHFW DQRWKHU XVHIXO WRSGRZQDSSURDFKKDVEHHQSURSRVHG±7KH ,PSDFW DUHD
DSSURDFK .DUOVVRQ HW DO  ,W VWDUWV IURP WKH PRVW UHOHYDQW LPSDFWV DUHDV ZKLFK DUH (IILFLHQF\
(QYLURQPHQW 0RELOLW\ 6DIHW\ DQG 8VHU 8SWDNH DQG WKH EDVLF SULQFLSOH EHKLQG WKH JHQHUDWLRQ RI
K\SRWKHVHVXVLQJWKLVWRSGRZQDSSURDFKOLHVLQDWKHRUHWLFDOXQGHUVWDQGLQJRIWKHIDFWRUVWKDW LQIOXHQFH
WKHGLIIHUHQWLPSDFWDUHDV
,W VKRXOG EH QRWHG WKDW WKHUH LV OLNHO\ WR EH RYHUODSV RI WKHVH IDFWRUV DPRQJ WKH LPSDFW DUHDV XQGHU
FRQVLGHUDWLRQDQGKHQFH WKH VDPH UHVHDUFKTXHVWLRQVDQG UHVXOWLQJK\SRWKHVHVZLOOEHDSSOLFDEOHDFURVV
PRUHWKDQRQHLPSDFWDUHD7KHDSSURDFKZLOOUHVXOWLQJHQHULFUHVHDUFKTXHVWLRQVWKDWDUHLQGHSHQGHQWRI
DQ\ V\VWHP IXQFWLRQDOLW\ 7KH SURFHGXUH IRU JHQHUDWLQJ K\SRWKHVHV LQ WKLV WRSGRZQ DSSURDFK LV DV
IROORZV
x 7KH LPSDFWDUHDVKRXOGEHFRQVLGHUHG LQ LWVHQWLUHFRQWH[WDQGSULPDU\PHDVXUHVDIIHFWLQJ WKDW
DUHDLGHQWLILHG
x 6HFRQGDU\IDFWRUVRIWKHVHPHDVXUHVDUHWKHQLGHQWLILHGWKDWFDQEHXVHGWRH[SODLQWKHYDULDWLRQV
LQWKHSULPDU\PHDVXUHV
x )LQDOO\WKHYDULDEOHVDIIHFWLQJWKHVHFRQGDU\PHDVXUHVDUHLGHQWLILHG
x 7KHYDULDEOHVLGHQWLILHGIRUPWKHEDVLVRIWKHJHQHULFUHVHDUFKTXHVWLRQV@³,VWKHUHDFKDQJHLQ
WKHYDULDEOH"´DQGWKHK\SRWKHVLVEDVHGXSRQDQDQWLFLSDWHGHIIHFWRIWKHYDULDEOH³7KHYDULDEOH
ZLOOLQFUHDVHGHFUHDVH´
7KLVSURFHGXUHVKRXOGEHXQGHUWDNHQIRUHDFKRIWKHLPSDFWDUHDV7ZRH[DPSOHVDUHSUHVHQWHGLQWKH
IROORZLQJVHFWLRQV6DIHW\,PSDFWDQG0RELOLW\,PSDFW
([DPSOH±6DIHW\,PSDFW
8VLQJ WKH6DIHW\,PSDFW$UHDDVD ILUVWH[DPSOH WKHSULPDU\PHDVXUHVDIIHFWLQJVDIHW\ZRXOGEH WKH
³1XPEHURIHYHQWVDFFLGHQWVQHDUPLVVHVWKDWRFFXU´DQGWKH³6HYHULW\RIWKHHYHQW´,IZHIRFXVRQWKH
ILUVWRIWKHVHSULPDU\PHDVXUHVWKHVHFRQGDU\IDFWRUVZRXOGIRUH[DPSOHEHµ([SRVXUHRIWKHYHKLFOHRQ
WKHURDG¶µ7KHGULYLQJVW\OHRIWKHGULYHU¶µ7KHGLVWUDFWLRQRIWKHGULYHUIURPWKHGULYLQJWDVN¶DQGµ$Q\
LQWHUDFWLRQ ZLWK WKH ILWWHG GHYLFH¶ $V WKH ILQDO VWHS FRQVLGHULQJ WKH IDFWRU µ([SRVXUH¶ WKLV FDQ EH
PHDVXUHG ZLWK WKH YDULDEOHV µ/HQJWK DQG GXUDWLRQ RI MRXUQH\¶ µ1XPEHU RI MRXUQH\V XQGHUWDNHQ¶ DQG
µ5RDGW\SHXVHG¶
7KHVHYDULDEOHWKHQOHDGWRWKHIROORZLQJH[DPSOHVRIUHVHDUFKTXHVWLRQVDQGUHODWHGK\SRWKHVHV
9 'RHVWKHV\VWHPDIIHFWWKHOHQJWKPLOHVRIMRXUQH\V"
9 'RHVWKHV\VWHPDIIHFWWKHGXUDWLRQKRXUVRIMRXUQH\V"
9 'RHVWKHV\VWHPDIIHFWWKHQXPEHURIMRXUQH\VXQGHUWDNHQ"
9 'RHVWKHV\VWHPDIIHFWWKHURDGW\SHXVHG"
([DPSOH±0RELOLW\,PSDFW
8VLQJWKH0RELOLW\,PSDFW$UHDDVDVHFRQGH[DPSOHWKHSULPDU\PHDVXUHVDIIHFWLQJPRELOLW\ZRXOG
EHWKH³$PRXQWRIWUDYHO´WKH³7UDYHOSDWWHUQV´WKH³0RELOLW\FKRLFH´DQGWKH³-RXUQH\TXDOLW\´:LWKD
IRFXVRQWKHILUVWRIWKHVHSULPDU\PHDVXUHVWKHVHFRQGDU\IDFWRUVZRXOGIRUH[DPSOHEHWKHµ1XPEHURI
MRXUQH\V¶DQGWKHµ/HQJWKRIMRXUQH\V¶$VDILQDOVWHSFRQVLGHULQJWKHIDFWRUµ1XPEHURIMRXUQH\V¶WKLV
FDQ EH PHDVXUHG ZLWK WKH YDULDEOHV µ1XPEHU RI MRXUQH\V LQ WRWDO¶ µ1XPEHU RI FRPPXWLQJ MRXUQH\V¶
1XPEHURIRWKHUZRUNUHODWHGMRXUQH\V¶1XPEHURIRWKHUKRPHUHODWHGMRXUQH\V¶DQGµ1XPEHURIRWKHU
MRXUQH\V¶
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7KHVHYDULDEOHWKHQOHDGWRWKHIROORZLQJH[DPSOHVRIUHVHDUFKTXHVWLRQVDQGUHODWHGK\SRWKHVHV
9 'RHVWKHV\VWHPDIIHFWWKHOHQJWKPLOHVRIMRXUQH\V"
9 'RHVWKHV\VWHPDIIHFWWKHGXUDWLRQKRXUVRIMRXUQH\V"
9 'RHVWKHV\VWHPDIIHFWWKHQXPEHURIMRXUQH\VXQGHUWDNHQ"
9 'RHVWKHV\VWHPDIIHFWWKHURDGW\SHXVHG"
3ULRULWLVLQJUHVHDUFKTXHVWLRQVDQGUHODWHGK\SRWKHVHV
7KH LPSDFW DUHDV HIILFLHQF\ HQYLURQPHQW PRELOLW\ VDIHW\ DQG XVHU XSWDNH ZHUH DOO DGGUHVVHG LQ
7HOH)27 7KH ZHOONQRZQ )(67$ DSSURDFK RI D FRPELQHG WRSGRZQ DQG ERWWRPXS DSSURDFK ZDV
H[SDQGHG WRDOVR LQFOXGH WKH DOWHUQDWLYH WRSGRZQDSSURDFK LH WKH LPSDFW DUHDDSSURDFK7KLV OHG WR
JHQHULFK\SRWKHVHV WKDWFDQEH WHVWHG LQD VWDWLVWLFDOPDQQHU7KHGLUHFWLRQHDFKK\SRWKHVLV VKRXOG WDNH
HJLQFUHDVHRUGHFUHDVHLVEDVHGXSRQWKHDQWLFLSDWHGHIIHFWRQFHWKHWRSGRZQDSSURDFKLVLQWHJUDWHG
ZLWKWKHERWWRPXSV\VWHPGHILQHGDSSURDFK
$FRPSOHWHOLVWRIWKHK\SRWKHVHVKDYHEHHQGHYHORSHGDQGUHFRUGHG,ILWZDVFRQVLGHUHGWKDWVRPH
ZHUHWRRWULYLDORUWRRH[SHQVLYHWRDGGUHVVLQWKHVXEVHTXHQWVWXG\GHVLJQDQGGDWDFROOHFWLRQWKHUHDVRQV
IRUQRWFRYHULQJWKHPZDVOLVWHG,WZDVDOVREHQRWHGWKDWWKHUHDUHVWDQGDUGLVHGWHFKQLTXHVIRUREVHUYLQJ
GULYLQJEHKDYLRXUZLWKPDQXDOREVHUYHUVZKLFKPD\EHOHVVUHVRXUFHLQWHQVLYHWKDQXVLQJGHGLFDWHGGDWD
UHFRUGLQJ  2EVHUYDWLRQV XVLQJ VXFK WHFKQLTXHV FDQ EH FDUULHG RXW DW YDULRXV WLPHV GXULQJ WKH VWXG\
SUHIHUDEO\DORQJDIL[HGURXWH
$KXJHQXPEHURIUHVHDUFKTXHVWLRQVDQGDVVRFLDWHGK\SRWKHVHVIURPWKHWRSGRZQDQGWKHERWWRPXS
DSSURDFKHVKDYHEHHQGHYHORSHG$NH\ WDVNZDV WR LQWHJUDWHERWKVHWVRIK\SRWKHVHV LQ WKHFRQWH[WRI
HDFK)27,WZDVHQYLVDJHG WKDW WKHERWWRPXSDSSURDFKIRUPHG WKHEDVLVRI WKHK\SRWKHVHV OLVW IRUDQ
)27DQG WKDW WKH WRSGRZQDSSURDFKZDVXVHG WRFKHFN WKDWQRWKLQJVLJQLILFDQW IRUDSDUWLFXODU LPSDFW
DUHDKDGEHHQRPLWWHG

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 


)LJXUH $ FRPELQHG WRSGRZQ LPSDFW DUHD DQG ERWWRPXS DSSURDFK IRU WKH JHQHUDWLRQ RI
UHVHDUFKTXHVWLRQVDQGUHODWHGK\SRWKHVHV.DUOVVRQHWDO

$IWHUWKHLQWHJUDWLRQWRRNSODFHWKHOLVWRIUHVHDUFKTXHVWLRQVK\SRWKHVHVZDVVWLOOYHU\ODUJH,QRUGHU
WRGHULYHD ILQDOPDQDJHDEOHVHWRI UHVHDUFKTXHVWLRQVDQGK\SRWKHVHV WKDWFRXOGEHDSSOLHG WKURXJKRXW
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WKH YDULRXV WHVW VLWHV D FRVW±EHQHILW DSSURDFK ZDV SURSRVHG DQG XVHG WR LGHQWLI\ WKH OLNHO\ ³FRVWV´ RI
FROOHFWLQJWKHGDWD
&RVWV FDQ EH UHSUHVHQWHG LQ WHUPV RI HIIRUW UHTXLUHG WR GHULYH D SHUIRUPDQFH LQGLFDWRU H[SUHVVHG
SUHGRPLQDQWO\ LQ WHUPV RI UHVRXUFHV 7KLV VKRXOG EH RIIVHW DJDLQVW WKH OLNHO\ ³EHQHILW´ WKDW
SURYLQJGLVSURYLQJWKHK\SRWKHVHVZLOOKDYH7KLVLVPHDVXUHGE\ZD\RIWKHOLNHO\FRQWULEXWLRQWRZDUGV
SURYLGLQJ D VLJQLILFDQW DQVZHU WKH UHVHDUFK TXHVWLRQ DQG WKXV WKH OHYHO RI FRQWULEXWLRQ WR WKH LPSDFW
DVVHVVPHQW7RVRPHGHJUHHWKLVZLOOGHSHQGXSRQWKHVWDNHKROGHUQHHGVDQGUHTXLUHPHQWVDQGWKHUHIRUH
DSULRULWLVDWLRQRIWKHLUQHHGVVKRXOGDOVREHFRQVLGHUHG
7KLVSURFHVVKDVEHHQSHUIRUPHGDQGUHVXOWHGLQDOLVWRIEHWZHHQDQG5HVHDUFK4XHVWLRQV54V
SHUHDFKLPSDFWDUHDLQWRWDOVWDUWLQJIURPRYHU54VIURPWKHEHJLQQLQJ,WVKRXOGEHQRWHGWKDW
VRPHRIWKH54VDUHIRXQGLQPRUHWKDQRQHLPSDFWDUHD$OLVWRIWKHUHVXOWLQJ5HVHDUFK4XHVWLRQVDQG
+\SRWKHVHV DUH IRXQG LQ WKH $SSHQGL[ DQG WKH SURFHVV RI LGHQWLI\LQJ WKHP LV UHSRUWHG LQ ILYH
'HOLYHUDEOHV IURP 7HOH)27 SURMHFW :HOVK HW DO  .XOPDOD HW DO  *DLWDQLGRX HW DO 
6FKU|GHU.DUOVVRQHWDO

 1DWXUDOLVWLFVWXGLHVYV&RQWUROOHGH[SHULPHQWV

:KHQ WKH SODWIRUP XVHG IRU WKH IXQFWLRQV LV D QRPDGLF GHYLFH WKH DFFHVV WR WKH LQWHUQDO GDWD
FRPPXQLFDWLRQEXVLQDYHKLFOHLVYHU\VHOGRPDYDLODEOH7KHPDLQUHDVRQEHLQJWKDWWKHPRWRULQGXVWU\LV
FDXWLRXV DERXW WKH GDWD GLVWULEXWHG RQ WKLV EXV DOVR FDOOHG WKH &$1EXV DV WKDW GDWD VWUHDP RIWHQ LV
FUXFLDO IRU WKH VSHFLILF EUDQG FKDUDFWHULVWLFV 7KH &$1EXV FDQ FRQWDLQ GDWD DERXW YHKLFOH VSHHG
DFFHOHUDWLRQGHFHOHUDWLRQ DQG GDWD UHODWHG WR IRUHPRVW WKH GULYLQJ RI WKH YHKLFOH ,I D IXQFWLRQ LV DQG
LQWHJUDWHGSDUWRIWKHYHKLFOHV\VWHPDOVRGDWDDERXWWKHXVHRIWKLVIXQFWLRQFDQEHGHWHFWHGDQGPHDVXUHG
YLDWKH&$1EXV
,Q7HOH)27ZHKDYH WKHUHIRUHEHHQIRUFHG WRDSSO\DFRPSOLPHQWDU\DSSURDFK WR WKHEDVLF)27VR
FDOOHG/DUJH6FDOH)27VRU/)27V LHFRQWUROOHGH[SHULPHQWVZLWKLQVWUXPHQWHGYHKLFOHV WRFDSWXUH
GDWDZKLFKDUHLPSRUWDQWDVDFRPSOHPHQWWRWKHGDWDFROOHFWHGRWKHUZLVH7KH\DUHFDOOHG'HWDLOHG)27
RU ')27V EXW VKRXOG LQ UHDOLW\ EH ORRNHG XSRQ DQG D FRQWUROOHG H[SHULPHQWDO VHWXS 7KH UHODWLRQ
EHWZHHQWKHWZRW\SHVRIWHVWEHLQJSHUIRUPHGLQ7HOH)27FDQEHH[HPSOLILHGDVLQWKHILJXUHEHORZ










)LJXUH /)27VYV')27V.DUOVVRQHWDO

7KH EDVLF GDWD FDQ EH FDSWXUHG E\ WKH IXQFWLRQV\VWHP WR EH WHVWHG HJ *36FRRUGLQDWHV DQG WLPH
VWDPSV RU E\ DQ DGGLWLRQDO GDWD ORJJHU )XUWKHUPRUH VXEMHFWLYH GDWD DUH RI JUHDW LPSRUWDQFH LQ WKH
DQDO\VHVWREHPDGH4XHVWLRQQDLUHVKDYHEHHQGHYHORSHGDQGGLVWULEXWHGWRDOOWHVWSHUVRQVLQWKHRUGHU
RISHUVRQVZDVWKHWDUJHWQXPEHUEHIRUHGXULQJDQGDIWHUWKH)27DFWLYLWLHVLQPRVWFDVHVWKHWRWDO
SHULRGLVDWOHDVWVL[PRQWKV$OVRWUDYHOGLDULHVDUHXVHGRQHZHHNDWWKHEHJLQQLQJDQGWKHHQGRIWKH
WHVWSHULRGDQGDWOHDVWRQHZHHNLQEHWZHHQ
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7KH LQVWUXPHQWHG YHKLFOHV XVHG KDYH GLIIHUHQWPHDVXUHPHQW V\VWHPV LQVWDOOHG RQH H[DPSOH LV IURP
/RXJKERURXJK8QLYHUVLW\ZKHUH WDQ H\HWUDFNHU HTXLSPHQWZDV XVHG7KH HTXLSPHQWZDV ILWWHG WR WKH
YHKLFOHVXVHGIRUWKH'HWDLOHG)27V')27VWRUHFRUGKHDGDQGH\HPRYHPHQWV7KLVGHYLFHRSHUDWHV
E\SURFHVVLQJ WKH LPDJHV UHFRUGHGE\ WZRFDPHUDVPRXQWHGRQ WKHGDVKERDUG LQ IURQW RI WKHGULYHU LQ
FRQMXQFWLRQZLWKWKHUHIOHFWLRQIURPDQLQIUDUHGHPLWWHU7KHLQIOXHQFHRIWKHIXQFWLRQRQWKHSDWWHUQRI
H\HPRYHPHQWVZLOOEHXVHGDVDPHDVXUHRIGLVWUDFWLRQLQODWHUDQDO\VHV

 &RQFOXGLQJUHPDUNV

7KHUHDUHWKUHHHOHPHQWVWKDWKDYHHPHUJHGIURPWKHH[SHULHQFHVJDLQHGLQWKH7HOH)27SURMHFWDQG
WKDWKDVKDGDGLVWLQFWLYHLQIOXHQFHRQWKH)270HWKRGRORJ\DVLWLVQRZSUHVHQWHGLQWKHQHZDQGUHYLVHG
YHUVLRQRIWKH)(67$+DQGERRN)271H7
7KHILUVWHPDQDWHVIURPWKHIXQFWLRQVPDGHDYDLODEOHYLDQRPDGLFGHYLFHV)UDQ]pQHWDO WKDW
DUHQRWVSHFLILFDOO\UHODWHGWRWKHYHKLFOHRUGULYLQJEXWKDYHDPXFKZLGHUDSSOLFDELOLW\DOVRIRUSHRSOH
WUDYHOOLQJZLWKRWKHUPRGHVRIWUDQVSRUWDQGLQRWKHUSKDVHVRIDWULSWKDQWKDWRIGULYLQJDYHKLFOH7KLV
UHVXOWHG LQDPRGLILFDWLRQRI WKH³)(67$9´ZKHUHDKRUL]RQWDOEDU QDPHG WKHFRQWH[WZDVDGGHG WR
PDUNWKHLPSRUWDQFHRIWKHFRQWH[WLQZKLFKWKHIXQFWLRQLVVXSSRVHGWREHDFWLYH
$QRWKHUH[SHULHQFH LVKRZ WKH UHVHDUFKTXHVWLRQVDQGK\SRWKHVHVZHUHGHYHORSHG$FRPELQHG WRS
GRZQ DQG ERWWRPXS DSSURDFK ZDV DSSOLHG EXW ZKHUH WKH WRSGRZQ DSSURDFK ZDV QHZ WKH VR FDOOHG
LPSDFWDUHDDSSURDFKZDVDGGHG.DUOVVRQHWDO,QWKHSDSHUWKHGLIIHUHQWLPSDFWDUHDVDGGUHVVHG
LQ7HOH)27DUHDGGUHVVHGDQGWKHUHVXOWLQJ5HVHDUFK4XHVWLRQV54VDIWHUDSULRULWLVDWLRQSURFHVVDOVR
GHYHORSHGLQ7HOH)27WRUHGXFHWKHQXPEHURIK\SRWKHVHVE\XVHRIDFRVWEHQHILWDQDO\VLVGUDVWLFDOO\
ZLWKRXWORVLQJWUDFNRIWKHFRUHHOHPHQWVLQWKHIRUWKFRPLQJDQDO\VLVZRUN
)LQDOO\ WKH OLPLWHGDFFHVV WRYHKLFOHGDWD WKH&$1EXV LVQRWDYDLODEOH³IURPWKHRXWVLGH´PDGH LW
QHFHVVDU\ WR FRPELQH WKH RUGLQDU\ )27 LQ 7HOH)27 FDOOHG /DUJH 6FDOH )27V RU /)27V ZLWK
FRPSOHPHQWDU\FRQWUROOHGH[SHULPHQWVLQ7HOH)27FDOOHG'HWDLOHG)27VRU')27V,QWKH/)27VGDWD
FROOHFWLRQ LV PDGH YLD WKH QRPDGLF GHYLFHV WKHPVHOYHV DQG DGGLWLRQDO GDWD ORJJHUV RU YLD VXEMHFWLYH
PHDVXUHV TXHVWLRQQDLUHV WUDYHO GLDULHV HWF DQG LQ WKH')27V LQVWUXPHQWHGYHKLFOHV DUHXVHG IRU WKH
GDWDFROOHFWLRQHJJODQFHGXUDWLRQOHYHORIGLVWUDFWLRQHWF
$VDILQDOFRQFOXVLRQWKHH[SHULHQFHVIURP7HOH)27KDVZLGHQHGWKHXVH)270HWKRGRORJ\LQWRDUHDV
ZKHUH WKH SODWIRUP IRU WKH IXQFWLRQ LV QRW QHFHVVDULO\ D YHKLFOH EXW LQ SULQFLSOH FDQ EH DQ\ W\SH RI
QRPDGLFGHYLFH

 5HIHUHQFHV

'5$6.Ï&=<0&$567(12$1'.8/0$/$5  5RDGVDIHW\JXLGHOLQHV 'HOLYHUDEOH
% RI &2'( SURMHFW 75  $WNLQV :RRWWRQ -HIIUH\V %LUPLQJKDP 8. $YDLODEOH DW
KWWSFRUGLVHXURSDHXWHOHPDWLFVWDSBWUDQVSRUWOLEUDU\FRGHEKWPO
)(67$)(67$+DQGERRN)(67$)LHOGRSHUDWLRQDOWHVWVXSSRUWDFWLRQ
)271H7)(67$+DQGERRNYHUVLRQ)271H7'HOLYHUDEOH%UXVVHOV
)5$1=e1 6 (1*(/%5(.76621 3 *$,7$12'28 ( 62/$5 $ 7(6$85, -
5,&+$5'621 - 6&5g'(5 8  7HOH)27 'HOLYHUDEOH ' )XQFWLRQV VSHFLILFDWLRQ
YHUVLRQ%UXVVHOV
*$,7$1,'28 ( %(.,$5,6 ( 6&+5g'(5 8  7HOH)27 'HOLYHUDEOH ' (IILFLHQF\
'DWD$QDO\VLV3ODQ%UXVVHOV
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.$5/6621 ,&0 5b0b 3$/21620 (1*(/%5(.766621 3 )5$1=e1 6+(1$5
9(*$0.8/0$/$50$<$0255,6$0$6&2/2-(6&+5g'(58:(/6+
:7HOH)27'HOLYHUDEOH'7HVWLQJDQG(YDOXDWLRQ6WUDWHJ\%UXVVHOV
.$5/6621 ,&0 -216621 + 0$< $  7HOH)27 'HOLYHUDEOH ' 7DNH8S RI
)XQFWLRQV±'DWD$QDO\VLV3ODQ%UXVVHOV
.8/0$/$55b0b37HOH)27'HOLYHUDEOH'0RELOLW\'DWD$QDO\VLV3ODQ%UXVVHOV
0,&+21-$$FULWLFDOUHYLHZRIGULYHUEHKDYLRXUPRGHOV,Q(YDQV/DQG6FKZLQJ5*
(GV+XPDQ%HKDYLRUDQG7UDIILF6DIHW\3OHQXP3UHVV1HZ<RUNSS
580$5.  5RDG XVHU QHHGV ,Q $ 3$5.(6 6 )5$1=(1 (GV'ULYLQJ IXWXUH YHKLFOHV
7D\ORU)UDQFLV1HZ<RUNSS
6&+5g'(587HOH)27'HOLYHUDEOH'(QYLURQPHQWDOLPSDFWDVVHVVPHQW%UXVVHOV
:(/6+50255,6$%$,%,1*/0$<$526675(('67HOH)27'HOLYHUDEOH
'6DIHW\'DWD$QDO\VLV3ODQ%UXVVHOV


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$SSHQGL[ 6HOHFWHG5HVHDUFK4XHVWLRQVUHODWHGWRWKHLPSDFWDUHDV

$OOLPSDFWDUHDVZHUHPRGHOOHGZLWKDIRFXVRQZKDWHOHPHQWVGHILQHUHOHYDQWUHVHDUFKTXHVWLRQVDQGK\SRWKHVHVLQ
WKHGLIIHUHQWDUHDV
(IILFLHQF\*DLWDQLGRXHWDO
,Q WKH(IILFLHQF\DUHD WKH IROORZLQJ OLVWRI5HVHDUFK4XHVWLRQV 54VKDVEHHQGHYHORSHG UHODWHG WR WKH VHFRQGDU\
PHDVXUHVLGHQWLILHGDQGUHOHYDQWSULRULWLVDWLRQPDGH
3ULPDU\PHDVXUH75$)),&)/2:
6HFRQGDU\PHDVXUHV7UDYHOWLPH'HOD\V6SHHG'HQVLW\7LPHKHDGZD\
54,VWKHWUDYHOWLPHIURPRULJLQWRGHVWLQDWLRQDIIHFWHG"
54$UHWKHUHDQ\GHOD\VDYRLGHG"
54$UHWKHYHKLFOHVVSHHGVLQWKHQHWZRUNDIIHFWHG"
54$UHWKHUHDQ\WUDIILFMDPVDYRLGHG"
54,VWKHWLPHKHDGZD\EHWZHHQWKHYHKLFOHVDIIHFWHG"
54,VWKHGLVWDQFHIURPWKHSUHFHGLQJYHKLFOHDIIHFWHG"
3ULPDU\PHDVXUH75$)),&92/80(
6HFRQGDU\PHDVXUHV'HQVLW\+HDGZD\V7UDIILFFRPSRVLWLRQ
54,VWKHWUDIILFFRPSRVLWLRQGLIIHUHQW"
3ULPDU\PHDVXUH27+(502'(67+$1$87202%,/(6
6HFRQGDU\PHDVXUHV3XEOLFWUDQVSRUW3XEOLFWUDQVSRUWWHUPLQDOV%LF\FOHWUDYHO0RWRUF\FOHWUDYHO3HGHVWULDQWUDYHO
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